Introduction
Idea generation appears to be a simple task, and in many ways, it is. Anyone can have a new idea that fundamentally changes a technology, a society, or the world at large. Equally, anyone can have an idea that offers no value. Without acting on these ideas, how can we know whether an idea will change the world or just be another failed attempt to reach an objective? The reality is that we cannot. Instead, this article begins to conceptualize a method to evaluate ideas across a set of varying alternative futures or possible worlds.
Idea generation is the first step in virtually all innovation processes. Companies are formed and new products are made because a seemingly great idea was identified. Publishers may consider hundreds of manuscripts, few of which, after further development, make it to print. Organizations developing new branding may create dozens of alternatives and select the top ideas to refine. Software or technology firms developing a new product may propose many ideas before selecting one for production. Generating ideas that lead to innovation processes plays a critical role in a firm's success.
Even as organizations put more resources into the innovation process, 80-90% of new product launches fail . Apple, a technology company, uses their own innovation framework (Apple's New Product Process) that consists of the following front-end activities: i) ideation, ii) product start-up, iii) prototyping, iv) and group evaluation (Busche, 2014) . However, even with this innovation process, Apple arguably has not produced any disruptive technology since the iPod. The Apple Watch, the 12-inch MacBook, and the iPad Pro have been described as "products without purpose" (Wilcox, 2016) .
There is no shortage of novel ideas at IBM, which has an annual R&D budget of $6 billion and generated 6,180 U.S. patents in 2011 alone. To decide which ideas should be taken through their innovation process, they follow a series of steps that can be distilled to the following:
1. Generate ideas and use collaborative tools to solicit feedback from stakeholders.
2. Take the top ideas and establish compelling customer offerings.
Current research indicates that the idea evaluation processes of many firms are ad hoc or intuitive, with very few firms having defined methods. We propose a new approach to select the best ideas to pursue amidst different probable versions of the future. In support of "front end of innovation" processes, the approach emphasizes the formation of requirements for any idea that can be prioritized and measured against possible future worlds. This approach is currently conceptual; future work will develop the approach into a methodology that can be tested using real-world problems. This article will be relevant to those who are exploring novel methods and approaches to selecting the best idea within their particular domains. 4. Run a pilot project.
5. Start production.
They also use idea marketplaces such as online open innovation "jams". Additionally, they created an innovation lab that has funded 25 projects to the prototype stage from 400 ideas submitted (Quitzau, 2013 ). Yet, even with these processes, IBM has experienced ongoing decline in new product growth over the last 16 quarters (Fox, 2016) .
Why do such established and resource-rich companies continue to struggle turning innovations into successes?
To answer this question, we focus on the front end of innovation activities (FEoI), which can be separated into three operations ):
1. Enrichment: developing raw ideas 2. Evaluation: estimating the likelihood that the ideas can reach their goals 3. Selection: choosing an idea to execute
Research has already identified that FEoI activities are the most important stages of innovation processes and that successful outcomes are linked to the quality of the FEoI (Cooper, 1988; Elerud-Tryde et al., 2011) . Generating new ideas, selecting the best ones, and taking them through the innovation process has considerable failure rates and high costs (Buyukozkan & Feyzioglu, 2004) . The disparity between innovations that win and those that lose in the market are predominantly due to the quality differences in front end of innovation activities (Stevanovic et al., 2012) . The existing literature is silent on the evaluation of the ideas, especially when there is a large set that must be assessed. If an evaluation methodology can be established to deal with the complexity of determining the likelihood of an idea reaching its objective then, selecting and executing the best idea will lead to an increase in successes.
Despite the work that has been done to improve back end of innovation processes and execution, innovation success rates have not increased in any measurable way. Companies and organizations continue to encounter the same dilemma: they require a reliable and repeatable idea-evaluation method for selecting ideas.
According to William Thomson's words in the opening quotation to this article, until an idea can be measured and expressed numerically, our knowledge on the subject will be limited. Innovation is still a hubristic process. Until the difficult work of figuring out how to measure and express this complex process numerically is done, deep understanding cannot occur and major improvements cannot be made. This is not to imply that a fully quantifiable solution exists. However, we aim to redress the commonly accepted notion that the front end of innovation is mysterious and cannot be managed. We seek a quantifiable mechanism to sharpen a very hazy idea-evaluation process.
Background
The study of innovation is still in its infancy precisely because there has been a lack of research in quantifying idea evaluation (Elerud-Tryde & Soonvald, 2011) . Measurement theory, the study of assigning numbers to objects and phenomena (Roberts, 1985) , as it relates to innovation management, has focused on the back end's output performance (Adams et al., 2006) . This is due to the fact that back-end processes (i.e., production and marketing) are easily identified and organized with budgets, personnel, and repeatable processes. Studies by Kettunen, Ilomäki, and Kalliokoski, (2007) and Kim and Wilemon (2002) indicate that the FEoI has generally been left unstructured and uncontrolled whereas the back end has been structured. Many practitioners rely on heuristics and tacit knowledge to evaluate ideas because the necessary components are difficult to quantify. Most people have a tendency to place disproportionate weight on specific pieces of information they use to govern their thought process (Bonabeau, 2003) . The human brain is known for injecting familiar patterns into new situations even when they are inappropriate (Bonabeau, 2003) . Once this occurs, a bias is formed and new information is adjusted to reflect what the person believes to be true (Loosemore, 2013) . For example, when estimating the cost of a new design innovation, people assume that the cost will be the same as an older design that was similar. The reason why this approach does not work is because, when innovation processes are executed, there is no guarantee that the same agents (decision makers) involved will interpret the variables the same way every time. Eschewing this notion allows visionaries such as Elon Musk to redefine industries. Elon did not assume that the cost of building a rocket would be the same as rockets that came before him. Looking at the design of rockets from first www.timreview.ca
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principles allowed Musk to drastically decrease the cost to build and deliver cargo more effectively than established companies such as Boeing and Lockheed Martin (Anderson, 2013) .
Over the last twenty years, the semantics of innovation has become progressively abstract as the word and its signifiers become increasingly intangible and unbounded (Moldaschl, 2010 ). We have not been able to improve FEoI techniques in any measurable way because there is little empirical evidence to guide academics or organizations towards activities that contribute positively to front-end performance (Markham, 2013) . We lack a theory that can predict the outcome of an innovation cycle or determine which ideas are better suited towards specific future outcomes thereby reducing the risk of the innovative process. Current approaches in rating an idea are generally motivated by specific situations (e.g., how to cut wait times for buses during rush hour times) (Kudrowitz & Wallace, 2013) . By introducing an approach that treats idea evaluation as a quantifiable process, we hope to contribute some ideas that may lead to a deepening of knowledge and providing practical and effective tools for practitioners to achieve greater success in selecting ideas for innovation.
Approach
Idea evaluation and selection is a problem that takes place in the present. Implementing all ideas to determine the best one is impractical and it remains impossible to select ideas from the future; thus hindsight is not a viable decision-making tool. Instead, we can attempt to predict the future and assess how well a given idea will perform within it. Given the number of variables at play, it is better to come up with a limited set of possible worlds against which to assess the quality of ideas. We are creating an idea evaluation method that analyzes possible worlds to select the idea with the highest likelihood of successfully reaching its objectives.
To represent a possible world, its characteristics must first be defined. A characteristic is composed of a property value pair tied to a particular world. It asserts that a property has a specific value within that world. Given a set of worlds, each one will differ by at least one characteristic from every other world. We can represent a future world as a set of properties extracted from general categories. For example, the environment is a general category, climate is a property of the world, and temperature, precipitation, humidity, and UV indexes are subproperties of climate. These properties remain incomplete without a viable way to distinguish them among different worlds. Nearly every version of the future will have a climate, therefore, in order to characterize them, a value must be associated with these properties.
The next step is to determine the requirements of the idea. These requirements will be a set of world characteristics that maximizes the idea's chance of success. The idea's requirement will be divided into two parts: the characteristic's numerical value and the characteristic's importance to the idea.
Finally, we need a method to measure the world's ability to satisfy the idea(s). To do this, we use an artificial construct from mathematics called a utility. A utility is a numerical value used to represent the amount of benefit that is achieved through the implementation of an idea. A world better suited for a particular idea will allow that idea to yield a higher utility than that of a world that does not meet the idea's requirements. Utility is used to allow the evaluator to measure the likelihood that the idea will reach its objective. All ideas have a corresponding world where their implementation is best suited, though; the probabilities of those worlds existing are independent to the idea.
As the value of the characteristics change from one world to the next their proximity to the requirements also change. For example, suppose that a certain idea has the highest likelihood of success if the prime business rate has a value of 2.5%; one of the idea's requirements will be that the prime business rate is 2.5%. This implies that the idea's utility is maximized in a world with a prime business rate of 2.5%. However, it is quite possible that other worlds with less than ideal values can return a positive utility, even if the returned utility is less than optimal. If no conditions are minimally met, the utility becomes 0. Consider a world where the interest rate is 3% instead of 2.5% as stipulated by the requirement. It is likely that the idea will still be useful. Figure 1 shows this representation and depicts the utility of the idea as the interest rate value changes.
The goal is to select the idea that has the highest utility across the most probable worlds. Just because an idea may be great, the conditions necessary for its successful outcome is based on how the future unfolds, and that is independent of the idea. For example, the iPod was successful because consumers were moving away from portable CD devices. Because the likelihood of consumers making the shift away from portable CD devices www.timreview.ca
A Proposed Approach for Idea Selection in Front End of Innovation Activities
Andrew N. Forde and Mark S. Fox
was greater than the likelihood that consumers would continue using portable CD devices, the iPod was the best product for Apple to pursue. The unfolding of different futures has associated probabilities, and we want to select the idea that performs best (has the highest utility) in the most probable versions of the future.
In the next section, we illustrate the key aspects of this approach through an example scenario.
Example Scenario: Innovation in the Oil and Gas Industry
In the present world of low oil prices, recovery of heavy crude oil and bitumen from the Canadian Oil Sands based on steam-assisted gravity drainage (SAGD; tinyurl.com/zlacream) is no longer economically viable (Findlay, 2016) . Even when oil prices were high, SAGD was only applied in the best quality oil sand reservoirs, leaving lesser quality reservoirs commercially unviable. Due to the further decline of oil prices, new high-tech ideas for in situ recovery are necessary to maintain profitable operation.
In this example scenario, let us suppose that an engineer introduces Idea A. The profitability of Idea A is dependent on the following requirements:
1. The prime business rates remain at 2.5%.
2. The price of oil remains above $25 a barrel.
3. Oil sand production is not banned by the government due to environmental concerns (Binary choice 1/0).
Another engineer introduces Idea B. Idea B is dependent on the following requirements:
1. The cost of steel drops to US$280/tonne.
2. The price of oil reaches at least $46 a barrel.
3. Surface oil sands can still be found (probability range).
In order to select either Idea A or Idea B, four steps need to take place:
1. We compute the probability of each possible world occurring based on the likelihood of the characteristics being true. Given that we do not know what the future will be, we establish a set of possible worlds and determine their associated probabilities of being realized. To do this, we use the following equation to calculate the chance of each of the worlds characteristics occurring according to the variables defined in Table 1: For simplicity, we will assume that only one future version of the world is possible: either it will satisfy idea A or it will satisfy idea B. In reality, there will be a number of worlds to evaluate (Figure 2 ), though the exact number will differ from problem to problem.
To calculate the probability of each characteristic being realized we will have to make predictions from the available data or use predictions from a trusted source. In this example we use data from the World Bank. According to the World Bank Group's Commodity Markets Outlook (2016) the price of oil is estim- , 2016), and it is very unlikely that oil sand production will be banned in the near or distant future. The price of steel is expected to be US$365/tonne (World Bank, 2016) , and the oil sands that remain are considered difficult oil. This information shows that the most probable possible world has the following characteristics:
1. Oil is $41/barrel 2. Prime business rates are 2.7%
3. Oil sand production continues but is difficult (non-surface) 4. Steel is US$365/tonne 5. Oil sand production is not banned Therefore, the world with these characteristics is most likely to occur. In practice, probabilities (p 1 …p n ) would be assigned to each characteristic to determine the probability of the world occurring.
2. We compute the utility of an idea in a particular world as a function of the requirement and its associated world characteristic weighted to the probability of that particular world occurring:
To determine the utility of the idea within a particular world, we will have to create a function that can compare the requirements to the characteristics of the world and return a numerical value based on how well the world satisfies the requirements. Each requirement is weighted by importance such that the utility reflects the ideas hierarchy of needs.
Based on the information from step 1, there is a higher likelihood that each requirement of idea A will be met in the most probable world. This yields a higher utility than idea B given that the world necessary for idea B to be successful has a lower probability of being true. The utility will be described by a numerical value. The higher the utility, the higher the value.
3. We find the expected value of the ideas utility by summating all of the utilities from each possible world:
After calculating the utility of each idea in each possible world, we will determine the ideas expected utility, which will give us the expected performance of the idea based on the possible worlds that may occur. 
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This is an important step because we do not know which world will realize. By calculating the expected utility, we will determine the best idea to select based on the range of possible futures most likely to occur.
4. Finally, we select the idea. Because there was only one world in this example, the expected utility is the same as the calculated utility for that world. Idea A is most suitable for the possible world most likely to occur. Thus, idea A has the highest utility and should be selected ahead of idea B.
The oil sand example simplified the utility function by only considering five requirements. In reality, an idea has many requirements and the utility is determined by the totality of those requirements being satisfied. Most of the literature on idea evaluation that we found considers 4-8 criteria before making a decision (e.g., Girotra et al., 2010; Gutiérrez et al., 2009; Martinsuo & Poskela, 2011) . A major part of our future research will be spent identifying a methodology to determine the criteria necessary to form the correct amount of requirements necessary to calculate an ideas utility.
Using our example, the price of oil per barrel should remain greater than $25 in order for idea A to be successful, however, this is only the second of three requirements. If one requirement is not satisfied, the idea's utility will be reduced. If the world's characteristics are unable to meet any of the idea's requirements, such as is the case with idea B, the idea's utility within that particular world tends towards zero. Figure 3 illustrates how an idea's utility, when tied to numerous requirements, responds to different world characteristics.
Many of the variables that are used to model the likelihood of characteristics being true are stochastic in nature. Though not everything is quantifiable, everything has probable outcomes. It is not necessary to model every aspect of the future to determine the necessary requirements for success.
Through our future research, we will create software that takes input from the decision maker and performs the necessary calculations to determine the utilities of the ideas. This is how our approach will be easily used by any decision maker to evaluate and select ideas within any domain.
Conclusion
In the early part of this century, attention has focused on exploiting ideas to generate innovations (Dooley & O'Sullivan, 2001) . Significantly less attention has been paid to identifying the best ideas (Rindasu & Mihajlovic, 2008) . Our approach is best suited for ideas being applied to innovation processes that are tied to specific objectives, such as radical (breakthrough) innovation, transformational (disruptive) innovation, market creation, and competitor disruption. Each one of these innovation types requires a detailed understanding of both the idea and the sort of world it will be applied to. Ideas and subsequent worlds that are better defined allow for better data collection because the decision maker knows what it is they are looking for. This approach may find itself useful in the generation of ideas by improving the quality of the best ideas by having the decision maker consider what ideas are likely to work well in some future world.
Given the novelty of this approach within the context of front end of innovation activities and the innovation process in general, we do not yet have direct evidence that this approach is feasible. However, available research indicates that people typically consider too few factors in forecasting and therefore, unfortunately, often produce rather simplistic analyses of possible outcomes (Dörner & Schaub, 1994) . By evaluating ideas through a possible-world framework, we aim to enhance FEoI activities enough to reduce the number of failed innovation projects.
We present this approach at an early stage of development to encourage practitioners and decision makers to consider how calculating an ideas utility as an expected value across future worlds can lead to a rigorous approach in front end of innovation activities to improve the success rate of innovation processes. We also seek to generate, discuss and debate the best way to refine and test this approach, and to build relationships with organizations that wish to use their experiences and 
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Andrew N. Forde and Mark S. Fox data as early users of our method. We are currently working with the innovation department at The Hospital for Sick Children in Toronto, Canada, to conduct historical recreations and analyses to develop our methodology. Using historical empirical data on the end-to-end innovation activities undertaken by the hospital to differentiate successful ideas from failed ideas will allow the performance of our function to be tested by finding the deviation of real-world behaviour with the expected results predicted by it. Of course, we will not know what the real future looks like until it arrives, so front end of innovation activities cannot benefit from hindsight directly. However, hindsight from past innovation activities can play an important role in developing methodologies to help organizations select the most promising ideas and in improving our ability to predict the future worlds in which those ideas will come to fruition.
